Augmentation of vertebrate growth by growth hormone (GH) is primarily due to its regulation of insulin-like growth factor I (IGF I) and IGF II levels. To characterize the effect of GH on the levels of IGF I and IGF II mRNA in a teleost, 10 ,ug of bovine GH (bGH) per g of body weight was administered to juvenile rainbow trout (Oncorhynchus mykiss) through i.p. injection. The levels of IGF I and IGF II mRNA were determined simultaneously, by using RNase protection assays, in the liver, pyloric ceca, kidney, and gill at 0, 1, 3, 6, 12, 24, 48, and 72 hr after injection. In the liver, IGF I mRNA levels were significantly elevated at 6 and 12 hr (-2-to 3-fold, P 5 0.01), while IGF II mRNA levels were significantly elevated at 3 and 6 hr (-3-fold, P < 0.01). In the pyloric ceca, IGF II mRNA levels were significantly elevated at 12, 24, and 48 hr (-3-fold, P < 0.01), while IGF I mRNA was below the limits of assay accuracy. GH-dependent IGF mRNA appearance was not detected in the gill and kidney. Serum bGH levels, determined by using a radioimmunoassay, were significantly elevated at 3 and 6 hr (P < 0.005). In primary hepatocyte culture, IGF I and IGF II mRNA levels increased in a bGH dose-dependent fashion, with ED50 values of -45 and -6 ng of bGH per ml, respectively. The GH-dependent appearance ofIGF II mRNA in the liver and pyloric ceca suggests important roles for this peptide hormone exclusive of IGF I.
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Vertebrate growth is primarily controlled by the availability of growth hormone (GH) and the insulin-like growth factors (IGF I and IGF II) to their respective receptors. The secretion of GH from the pituitary, and its subsequent binding to GH receptors, signals the production of IGF I mRNA and polypeptide by liver (endocrine production) and other tissues (autocrine/paracrine production). The activities of IGFs are modulated by a set of specific IGF binding proteins and the IGF type 1 receptor of target tissues. Mitogenic (1) and metabolic properties, such as the uptake of glucose and amino acids (2) , incorporation of sulfate into cartilage proteoglycan (3), nucleic acid and protein synthesis, and osmotic and ionic regulation in teleosts (4) , have been ascribed to IGF.
In the rat and mouse, the direct relationship between increase in the levels of circulating GH and IGF I mRNA has been established in the liver, lung, pancreas, kidney, thymus, spleen, heart, skeletal muscle, testes, and pituitary, but not the uterus and ovary (ref. 5 for review). The effects of GH on IGF I are thought to be due primarily to increased transcription (6) of the IGF I gene rather than effects on the stability of IGF I mRNA. In contrast, it has been suggested that endocrine synthesis of IGF II by the liver is not under the control of GH (7, 8) and is regulated by placental lactogen (9) during prenatal
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development. The influence of GH on the production of IGF II mRNA is apparently limited to the brain (10), heart, and skeletal muscle (11) , which may explain the highly restricted nature of postnatal endocrine IGF II expression in these rodent species (7) .
cDNA corresponding to IGF 1 (12) and IGF II mRNA (13) have been described in teleost species. In addition, the levels of four forms of IGF I and one form of IGF II mRNA in 10 tissues and two developmental stages of the rainbow trout have been determined (14) . The responsiveness of IGF I mRNA to GH in the liver of coho salmon has also been reported (15 
MATERIALS AND METHODS
Injection of bGH and Tissue RNA Preparation. Juvenile rainbow trout (Oncorhynchus mykiss) weighing "150 g were held at 15°C for 1 month and fed daily to satiation. After 5 days without feeding, the trout were anesthetized in MS222 and then given an i.p. injection of either 10 ,ug of bGH (USDAbGH-B-1) per g of fish body weight or carrier solution (0.01 M NaHCO3, pH 8/0.15 M NaCl). Tissues and blood samples were collected from three GH-treated and three control fish prior to injection (time 0) and at 1, 3, 6, 12, 24, 48 , and 72 hr after injection. Tissue total RNA was extracted by using the acid phenol/chloroform method (16) and was further purified by using lithium chloride precipitation (17) .
Primary Hepatocyte in Vitro Culture. Trout ("350 g) were starved for 14 days prior to isolation of hepatocytes. Liver was perfused in situ with collagenase (Worthington) and cells were seeded at a density of 4 x 106 per well of a six-well culture plate coated with poly(L-lysine) (Sigma) as described (18 Appearance of GH-Dependent IGF I and IGF II mRNA in the Trout Liver. Relatively high levels of IGF mRNA are produced in the liver, which is the main endocrine source of serum IGF. Therefore liver is the organ of choice for an initial investigation of the GH dependency and temporal pattern of IGF mRNA expression. The level of IGF I mRNA increased significantly (P < 0.01) in response to i.p. injection of bGH at 6 hr and remained significantly elevated at 12 hr (Fig. 1A) , while IGF II mRNA levels were significantly elevated at 3 and 6 hr (Fig. 1B) . IGF I and IGF II mRNA levels responded with a 2-to 3-fold increase over mock injected controls. The peak mRNA level of IGF I(11.28 ± 1.28 pg/,ug of 18S rRNA; mean ± SE) occurred at 6 hr and was significantly (P < 0.01) higher (14) . The levels of IGF I mRNA were detectable but too low to be quantitatively interpreted and were apparently lower than those determined previously (14) . It is not clear if the IGF mRNA levels observed are attributable to pancreatic acinar cells or the mucosal epithelia of the pyloric ceca. Localization of IGF I and IGF II mRNA in the pyloric ceca by in situ hybridization suggests the presence of IGF mRNAs in both cell types (M. Greene, M.J.S., and T.T.C., unpublished data). Enhancement of intestinal amino acid uptake by GH has been demonstrated in teleost species including coho salmon and striped bass (22, 23) . Although such enhancement has not been reported for the pyloric ceca, the GH-dependent synthesis of IGF II mRNA in the pyloric ceca suggests a role for IGF II in the digestive/absorptive processes of this tissue.
IGF mRNA in the Kidney and Gill. The gill and kidney are involved in osmotic and ionic regulation during freshwater and saltwater adaptation of salmonid fish. GH and IGF I have been implicated in these physiological processes (4, 24) . In the I.9 present study, IGF I and IGF II mRNA were detected in the kidney but their levels were not measurably altered by bGH. The mean levels of kidney IGF I and IGF II mRNA throughout the 72 hr were 0.10 ± 0.03 and 1.10 ± 0.13 pg/,ug of 18S rRNA, respectively. Kidney IGF I mRNA levels were not statistically (P > 0.05) different from levels determined previously in the kidney of untreated juvenile trout. The IGF II mRNA levels were slightly but significantly (P < 0.05) higher than the 0.57 ± 0.14 pg/,g of 18S rRNA value determined previously (14) . In the gill, IGF II mRNA was not elevated significantly (P > 0.05) by bGH, and IGF I mRNA was undetectable (<1 pg/50 ,ug of gill RNA). The mean level of IGF II mRNA throughout the 72 hr was 0.79 ± 0.15 pg/,ug of 18S rRNA, which was not significantly (P > 0.05) different from IGF II mRNA levels determined previously in untreated juvenile trout gill. In the present study, IGF I mRNA levels were apparently lower than those determined previously (14) .
The finding of GH-independent IGF mRNA synthesis in the gill and kidney is in apparent conflict with the reported GH-dependent synthesis of IGF I mRNA in rainbow trout gill and kidney, as measured by quantitative Northern blot analysis, following a total of three i.p. injections of 0.25 jig of recombinant chum salmon GH per g of body weight administered over 6 days (24) . It is possible that the GH-dependent appearance of IGF mRNA in the above-mentioned study is a To obtain a profile of the availability and clearance of the injected bGH, an RIA was employed to specifically measure serum bGH levels at each time point employed in tissue sampling for IGF mRNA. As seen in Fig. 1D , bGH reached significantly elevated levels after 3 hr (P < 0.005), remained significantly elevated at 6 hr (P < 0.001), when it reached the highest level of -24.5 ,ug of bGH per ml, and remained detectable, but not significantly elevated, through 72 hr. The time profile of serum bGH level coincides with or precedes the GH-dependent appearance of IGF mRNA in the liver and pyloric ceca (Fig. 1) . This temporal profile is consistent with that found for the i.p. administration of recombinant salmon GH to coho salmon (25) . The levels of bGH in this experiment exceed the endogenous GH levels in trout, which were determined to be <10 ng/ml of plasma (19) . (15) .
As seen in Fig. 2 
